There are few epidemiologic studies among adult nonsmokers on the effects of workplace environmental tobacco smoke on high density lipoprotein cholesterol (HDL-C).The authors investigated this relation, using data from health examinations conducted in 1995 on 3,062 Japanese nonsmokers in a total of 27 municipal offices with few smoking restrictions. Multiple regression analysis with adjustments for age, body mass index, alcohol drinking, and sports activities showed that in women, and in men lacking both alcohol consumption and sports activities characteristics, there were inverse linear relations between workplace smoking indices and HDL-C levels. Multivariate logistic regression showed that nonsmoking women in the upper two thirds of offices ranked by smoking intensity had an increased risk of low HDL-C levels (<45 mg), taking those in the lowest third of offices as reference (the medium third: odds ratio = 1.7; 95% confidence interval: 1.2, 2.5; the highest third: odds ratio = 1.6; 95% confidence interval: 1.1, 2.4). The results indicated that workplace environmental tobacco smoke exposure is associated with HDL-C among nonsmokers. However, the lack of data on home exposure limits causal inferences about the effects of workplace exposure. Am J Epidemiol 1999;150:1068-72.
Exposure to environmental tobacco smoke has elevated the risk of coronary heart disease; a meta-analysis estimated the summarized relative risk to be 1.2 (1) . For such a slight increase in risk, there has been controversy over whether exposure to environmental tobacco smoke is causally related to the development of atherosclerotic disease in nonsmokers, and thus further study is needed to explore the mechanism.
Active smoking is known to reduce high density lipoprotein cholesterol (HDL-C), a preventive factor for coronary heart disease. Similarly, nonsmokers potentially exposed to environmental tobacco smoke, including children and adolescents (2) (3) (4) (5) and adults (5) (6) (7) , have also been shown to have lower levels of HDL-C. However, since studies on adults did not control for potential confounding factors or used small numbers of subjects, it is not clear whether the observed difference in HDL-C levels between those exposed and unexposed to environmental tobacco smoke is attributable to the exposure or to confounding effects. We therefore investigated the association between workplace environmental tobacco smoke exposure and HDL-C among nonsmokers using data from workers' health examinations.
MATERIALS AND METHODS
The data used were taken from periodic health examinations that were conducted during fiscal 1995 at municipal offices in northeast Kyushu, Japan, by an occupational health organization. Details of the on-site health examination and its quality control provisions have been reported previously (8) . In short, the legally designated examination, in which all the workers were invited to participate, attained a nearly 100 percent participation rate. As a part of its routine procedure, subjects in a fasting condition were asked about health-related lifestyles, measured for height and weight, and examined for blood-related biochemical factors.
The association between workplace environmental tobacco smoke exposure and HDL-C was assessed using the data of 3,062 nonsmoking office workers (2,135 women, 927 men) who completed the health examination and worked in a total of 27 offices having more than 60 employees and only limited restriction policies on smoking. We defined nonsmokers, for our purposes, as those who had never smoked in their lives.
For estimating environmental tobacco smoke exposure in each office, we used data on smoking habits from all the participants (n = 5,846) who worked in the above-mentioned offices. We used the following indicators of environmental tobacco smoke exposure: proportion of current smokers in the office (smoking prevalence) and cigarette consumption per worker (smoking intensity), which is the sum of cigarettes consumed by all smokers in an office in 1 day, including those smoked in places other than the workplace, divided by the total number of workers, smokers and nonsmokers, in the office.
We calculated, using multiple regression analysis, gender-specific coefficients of HDL-C on each smoking index among nonsmokers while simultaneously adjusting for age, body mass index, alcohol consumption, and sports activities. The two exposure indices were assessed in separate models as continuous variables. The smoking prevalence included in the model was divided by 5. We did not control for total cholesterol levels since additional adjustment for this variable did not alter the estimates greatly. In the analyses, we used indicator terms of alcohol consumption (for women: none or less than once per week, <162 ml of ethanol a week, >162 ml of ethanol a week; for men: none or less than once per week, <324 ml of ethanol a week, and >324 ml of ethanol a week) and sports activities (<2 times a week and £2 times a week). To minimize the potential confounding effects of habits related to HDL-C, we repeated the analysis for subjects who neither drank alcohol weekly nor engaged in sports activities at least twice a week. In addition, we estimated, using logistic regression analysis, odds ratios of low HDL-C (women, <45 mg/dl; men, <40 mg/dl) and their 95 percent confidence intervals for the highest third and medium third of offices ranked by smoking indices, taking the lowest third as reference, with adjustment for the same variables included in the former analysis. All the analyses were performed by Statistical Analysis System software (9) .
RESULTS
In the present municipal offices, office smoking prevalence varied from 26.7 percent to 50.2 percent (mean, 37.3 percent), and office smoking intensity (cigarette consumption per worker) varied from 6.4 to 13.1 (mean, 9.0). Mean levels of HDL-C in nonsmoking women were 65.9 mg/dl, 64.0 mg/dl, and 63.7 mg/dl (analysis of variance, p = 0.007) for offices with the lowest third, the medium third, and the highest third of smoking prevalences, respectively. Corresponding values in nonsmoking men were 54.6 mg/dl, 54.1 mg/dl, and 54.7 mg/dl (analysis of variance, p = 0.79). Nonsmoking women did not differ significantly in variables other than HDL-C across the three groups categorized by smoking prevalence, while nonsmoking men in the lowest third of offices ranked by smoking prevalence consumed alcohol more than did those in other offices (table 1) .
As shown in table 2, for nonsmoking women, multivariate regression analysis adjusted for the confounding variables showed that there was an inverse relation between workplace environmental tobacco smoke exposure indices and HDL-C levels, with statistical significance attained for analyses both including and not including those who consumed alcohol weekly or engaged in sports activities at least 2 times a week. Smoking intensity accounted for a larger proportion of the total variance of HDL-C than smoking prevalences did; F values were 13.6 and 8.1 for the former index and the latter, respectively. In contrast, there was no such relation found for the group of nonsmoking men (table 3) . However, nonsignificant inverse associations, the magnitude of which was nearly identical to that for women, were observed among nonsmoking men who neither drank alcohol nor engaged in sports activities regularly.
As shown in table 4, nonsmoking women working in the highest third and medium third of offices ranked by the indices of workplace environmental tobacco smoke exposure showed elevated odds ratios of low HDL-C levels, taking those working in the lowest third of offices as reference. Such findings were not observed in the men.
DISCUSSION
The present study found an inverse association between workplace environmental tobacco smoke exposure indices and HDL-C among homogeneous nonsmokers working in a total of 27 offices having little or no smoking restrictions, after controlling for major confounding factors. The findings, if they were not generated as a result of confounding factors, support the hypothesis that environmental tobacco smoke exposure increases the risk of atherosclerotic disease partly through the reduction of HDL-C, an identified preventive factor for the disease.
A unique feature of the present study is that smoking prevalence and smoking intensity in the office, as the indices of environmental tobacco smoke exposure at work, were estimated using data from nearly all workers in the office, including both smokers and nonsmokers, thereby allowing a potentially more objective measure of exposure than self-reports from nonsmokers alone. The municipal offices surveyed did not differ greatly in building structure and ventilation systems, and none of them had strict smoking restrictions at the time of the examination. It is thus reasonable to assume that nonsmoking workers were, on average, exposed to workplace environmental tobacco smoke with a magnitude proportional to the office smoking indices used in the present study. Possible limitations are as follows. First, we did not obtain information on exposure to environmental * For those who neither drank alcohol weekly nor engaged in sports activities at least twice a week. t Coefficients of covariates are shown onty for smoking prevalence; analysis for smoking intensity gives almost the same estimates. FP of the entire model for all women is 0.13 for both smoking prevalence and smoking intensity.
X SE, standard error. § The proportion of current smokers in the office. H The sum of cigarettes consumed by all smokers in an office in 1 day divided by the number of all the workers in the office. • For those who neither drank alcohol weekly nor engaged in sports activities at least twice a week. t Coefficients of covariates are shown only for smoking prevalence; analysis for smoking intensity gives almost the same estimates. FP of the entire model for all men is 0.18 for both smoking prevalence and smoking intensity.
t SE, standard error. § The proportion of current smokers in the office. H The sum of cigarettes consumed by all smokers in an office in 1 day divided by the number of all the workers in the office.
tobacco smoke at home. Although environmental tobacco smoke exposure at work has been estimated as comparable to, or even greater than, that at home (10), the lack of home environmental tobacco smoke exposure information limits causal inferences about the specific effects of workplace environmental tobacco smoke exposure. Second, the cross-sectional nature of the study does not permit us to conclude that the association is causal. Third, environmental tobacco smoke exposure indices were estimated for each municipal office, not for each subject. Studies using such measurements may suffer from ecologic biases (11) , but the present study minimized the effects of such biases by controlling for major confounding factors at the individual level. Fourth, this study did not have a nonexposed comparison group. Note that the present associations occurred only using offices having no or little smoking restrictions and smoking prevalences above 26 percent.
Nonsmoking men as a whole did not show the association between workplace environmental tobacco smoke indices and HDL cholesterol levels that was evident in women. We cannot give a definite explanation for the inconsistency of this result. However, some observations deserve attention: 65 percent of the men drank alcohol weekly, while only 28 percent of the women did; the effect of sports activities on HDL-C was evident only in men (see tables); and, after excluding those with either of such habits from the analysis, men showed an inverse association between workplace environmental tobacco smoke indices and HDL-C levels similar to that for women. We infer from these findings that the men were more likely than the women to be affected by interfering factors in an assessment of the subtle effects of evironmental tobacco smoke on HDL-C exposure.
In Japan, 56 percent of male adults smoke, while 15 percent of female adults do (12) . Although an increasing number of women have entered the workforce, a social tolerance for smoking has not placed strict restrictions on smoking at work. This has made masses of nonsmoking women exposed to environmental tobacco smoke in the workplace. As ample evidence has accumulated on the adverse health effects of environmental tobacco smoke exposure, effective smoking restrictions, such as a total ban or work area ban, should be promoted to protect nonsmokers from workplace environmental tobacco smoke exposure.
The present study found that, in offices with no or only limited smoking restrictions, nonsmoking women working in offices with a high smoking prevalence or a high smoking intensity have lower HDL-C levels than those working in offices with low levels of the variables. To determine whether the association is causal, future studies addressing this issue should control for home exposure as well as for other factors known to affect HDL-C levels.
